ABsTRAcr Because of discharges, mainly of lead, from glassworks in an otherwise rural and unpolluted area in southeast Sweden the population became concemed about the potential risks of cancer and an epidemiological study was requested. The total and the specific cancer mortality in the three parishes around the glassworks were found to be approximately normal, both by comparison with national death rates and the death rates of another, similarly rural, area. More interesting results, however, were obtained in several case-referent studies also undertaken to study mortality from specific cancer sites and cardiovascular disease with regard to employment in the glassworks. A significant excess of deaths from stomach cancer, especially in glassblowers, lung cancer, and cardiovascular disease was observed among the glassworkers. Occupational exposures in the glassworks, especially to arsenic, may be of aetiological importance.
The manufacturing of glass requires many potentially toxic agents including lead, cadmium, antimony, arsenic, copper, selenium, chromium, sulphuric acid, and hydrofluoric acid.' The use of arsenic in glass manufacturing has declined in recent years because of substitution with antimony, but asbestos has been used extensively in the glassworks until recently, especially in handling warm, newly made glass products. For example, in 1974 the consumption of asbestos is known to have amounted to seven tons for 27 Swedish glassworks taken together. 2 Possible health hazards from the discharge of various metallic compounds from glassworks caused concern among the population in the glass producing area northwest of the town of Nybro in SE Sweden. The possibility of an increased risk from cancer to the general population was especially feared. The anxiety about adverse health effects had its origins in an environmental survey carried out by the health authorities of the county of Kalmar, indicating that about 10 tons of lead a year were discharged from one particular glassworks; this is thought to be one of the largest discharges of lead in Sweden (Kalmar and Nybro health authorities and Orrefors glassworks, unpublished data 1969-79) .
In view of this concern, the local representatives of the Labour Union decided to call for an Received 23 July 1984 Accepted 13 August 1984 epidemiological investigation of cancer mortality in the area. Finally, the matter was brought to our department and resulted in the present study.
Although the original purpose of this investigation was to study the general mortality pattern in three parishes northwest of Nybro, where the lead discharge had occurred, it was extended to consider the mortality pattern of the glassworkers. Therefore, several case-referent (case-control) evaluations were made for total cancer, cancers of the larynx and lung and of the stomach and pancreas, urogenital cancer, brain tumours, haematolymphatic malignancies, and also for cardiovascular diseases-that is, disorders that might be expected to appear in excess in view of the exposures at hand.
Materials and methods
The registers of deaths and burials in the parishes of Halleberga, Madesjo, and Algutsboda were used as the source of subjects, all deceased, both for a general mortality study and for the case-referent studies relating to occupational exposures. . Referents were individuals in the same area who had died of other non-malignant and non-cardiovascular causes; they were selected according to principles delineated elsewhere.5 The exposure was taken as the registered title of occupation so that those who had been employed in the glassworks were regarded as exposed and those with other titles, such as farmer, joiner, or shopkeeper, were classified as unexposed. In about half the exposed subjects a separation into different work categories was possible according to the occupational titles. Hence, the following groups were created: (a) glassblowers, (b) other glass foundry workers including smelters, heaters, pressers, their assistants, and foundry foremen, (c) grinders, engravers, and cutters, (d) etchers, polishers, and painters, (e) controllers and packers, and (f) unspecified glass workers.
Statistical methods
The calculations of odds ratios, (rate ratios, RR) and confidence intervals (CI) followed the principles of Mantel and Haenszel (MH) 
Discussion
The results of this study did not show an excess cancer mortality in the general population but rather the reverse, although only the older part of the male population was studied. The case-referent studies showed an interesting mortality pattern, however, with an increased risk for stomach cancer, lung cancer, and cardiovascular diseases for employees in the glassworks. The classification of exposure was somewhat crude, based as it was on occupational titles in the registers of deaths and burials; for only about half the subjects was a separation into different worker categories possible.
The expected number of cases for the whole study period may be calculated from the figures given in table 2 and is 10*7 for stomach cancer, 4-4 for lung cancer, and 111. 1 for cardiovascular diseases. Thus the formal numbers of excess deaths are 13-3, 6-6, and 48-2 cases, respectively, in 33 years. These figures might be compared with the 1881 deaths included in the study, of which 17-9% or 337 deaths would have been expected among the glassworkers Mortality pattern in a glass producing area in SE Sweden (1-0)
(1-0)
Mantel-Haenszel chi square 6-8 3-2 7-7
(1.0) Mantel-Haenszel rate ratio 2-0 2-0 1-4
(1-0) With 95% confidence interval
(1-2-3-5) (1-1-3-7)* (1-1-1-8) *Value is given with 90% confidence interval. No association between the increased cause specific mortalities and any specific factor can be claimed at the present but the use of arsenic in glass production deserves special attention. It may be recalled in this context that stomach cancer, lung cancer, and to some extent other malignancies have appeared in excess among copper smelters who were exposed to arsenic and to a multitude of other metals as well; their exposure was somewhat similar to that of the workers in the present study.8 9 High concentrations of dust containing heavy metals and arsenic may occur in a glass foundry, especially when the glass batch is mixed, put in the furnace, and melted. Dry sweeping of the floors has been common and increases the dust exposure.2 Data supporting the occurrence of extreme expos-414 ures for the foundry workers have also been reported in a German study, where rather high blood lead concentrations were found especially among glass smelters, batch mixers, and furnace men,'0 but there is little support for cancer or cardiovascular effects from lead exposure." 12 The highly increased risk for stomach cancer just among the glassblowers is an interesting finding because of their unique exposure through direct oral contact with the pipe used for blowing the glass.
The background of the increased risk of lung cancer is difficult to evaluate since most cases were found in the group without specified work tasks. Nevertheless, the work environment, at least in earlier years, would have resulted in exposure to both arsenic and asbestos, both recognised respiratory carcinogens. There may also have been more smokers in the unskilled group of unspecified workers. The same may apply to the controllers and packers.
The possible relation between arsenic exposure and cardiovascular diseases, which was also apparent in two earlier studies9 13 is of interest in this context. Interestingly, the present study shows an increased risk for cardiovascular mortality only for the two categories with high risks of cancer, the glassblowers and the unspecified glassworkers.
The results of this preliminary study are of interest also because they indicate the possibility of obtaining another group of workers for study with regard to metal exposures, particularly to arsenic and lead, and they provide another indication that stomach cancer should sometimes be regarded as of occupational origin. The possible relation between exposure to arsenic and cardiovascular diseases especially needs to be studied further to confirm or Wingren and Axelson refute the results reported so far.
